Diagnostic performance of ID Screen ® MVV-CAEV Indirect Screening ELISA in identifying goats infected with small ruminant lentiviruses (SRLV) was evaluated. In total 299 serum samples from the collection of the Laboratory of Veterinary Epidemiology and Economics -109 truly positive and 190 truly negative -were used. To be enrolled in the study a serum sample had to come from at least 2 year-old goat which had reacted identically in two serological surveys preceding sample collection and was kept in a herd of stable serological status confirmed at least twice during preceding 5 years. Moreover, in seropositive herds at least 20% of goats had to be serologically positive at the moment when the serum sample was collected for the study. The test proved to have high accuracy. Area under curve was 98.8% (95% CI: 97.5%, 100%). Diagnostic performance of the test was almost identical (Youlden's index of 90%, sensitivity >90% and specificity >95%) within a fairly wide range of cut-off values -between 20% and 60%. At manufacturer's cut-off of 50% sensitivity and specificity were 91.7% (95% CI: 85.0%, 95.6%) and 98.9% (95% CI: 96.2%, 99.7%), respectively. For this cut-off positive likelihood ratio was 87 (95% CI: 22, 346) and negative likelihood ratio was 0.08 (95% CI: 0.04, 0.16). In conclusion, the results of this study indicate that ID Screen ® MVV-CAEV Indirect Screening ELISA is a highly accurate diagnostic test for SRLV infection.
Introduction
Small ruminant lentiviruses (SRLV) are a group of closely related genotypes pathogenic for small ruminants. In goats they cause chronic progressive wasting disease called caprine arthritis-encephalitis (CAE). The virus is typically acquired through ingestion of contaminated colostrum and milk, less often via long direct contact between animals. The infection develops slowly and no symptoms are usually apparent for several years. Nonetheless, an infected goat sheds the virus and spreads the infection to other animals in a herd. Hence early identification and elimination of infected animals is crucial for disease control (Patel et al. 2012) .
At present, two existing approaches to diagnosing SRLV infection are based on detecting either genetic material of the virus using PCR or antibodies to the virus by means of various serological tests. Even though the infection is lifelong the amount of provirus in blood fluctuates, and occasionally drops to undetectable levels. This renders PCR sensitivity unsatisfying (de Andrés et al. 2005) . Serum antibody levels seem to be far more stable and thus serological tests are the mainstay of CAE diagnostics. Historically, agar gel immunodiffusion test (AGID) had been the basic serological method, nowadays substituted by more sensitive immunoenzymatic tests (ELISA) which are now recognized by OIE as the test prescribed for international trade (www.oie.int/ manual-of-diagnostic-tests-and-vaccines-for-terrestrial-animals/). Although a competitive ELISA based on monoclonal antibodies to viral envelope antigen has been developed (Herrmann et al. 2003) , indirect tests employing either whole virus or recombinant envelope, transmembrane and core proteins as antigens are most commonly used worldwide (de Andrés et al. 2005) . A few ELISAs are currently available on the market, one of which is competitive, and the remaining are indirect. Many other have been developed but never commercialized. Diagnostic performance has been investigated and reported for most of them, and their sensitivity (Se) and specificity (Sp) range from 56% to 100% and 95% to 100%, respectively (Archambault et al. 1988 , Heckert et al. 1992 , Herrmann et al. 2003 , Brinkhof and van Maanen 2007 .
Recently, a new indirect whole virus ELISA for SRLV infection has emerged on the market. Therefore, the investigation was carried out to evaluate its diagnostic performance in identifying SRLV-infected goats since these data are essential for application of this test in epidemiological studies.
Materials and Methods

Serum samples and reference procedure
In total 299 serum samples from the collection of the Laboratory of Veterinary Epidemiology and Economics -109 truly positive and 190 truly negative -were used. To be enrolled in the study a serum sample had to come from a goat which: 1) was at least 2 year-old; 2) had reacted identically in two serological surveys preceding sample collection; 3) was kept in a herd of stable serological status confirmed at least twice during preceding 5 years. Moreover, in seropositive herds at least 20% of goats had to be serologically positive at the moment when the serum sample was collected for the study. All the samples were tested with one of two other ELISAs -Chekit CAEV/MVV monophasic (Dr. Bommeli AG, Bern, Switzerland) and ELISA MAEDI VISNA/CAEV (Institut Pourquier, Montpellier, France). According to Brinkhof and van Maanen (2007) both tests had Se of 94% and Sp of 97%. Serum samples enrolled came from herds for which prevalence rate was either approaching 0% (in the case of healthy individuals; for the needs of calculations within-herd prevalence of 1% was assumed) or exceeding 20% (in the case of diseased individuals). Parallel testing performed in a population in which prevalence was 1% yielded 100% probability that a sample was truly negative. On the other hand, serial testing performed in a population in which prevalence was at least 20% yielded 99.6% probability that a sample was truly positive.
ELISA and testing protocol
ID Screen
® MVV-CAEV Indirect Screening ELISA (IDvet Innovative Diagnostics) is a whole-virus indirect test. The test was performed according to the manufacturer's manual (VISNAS ver. 0312 GB). Briefly, 10 μl of control negative serum (wells A1-A2), control positive serum wells (B1-B2), and tested sera were mixed with 190 μl of dilution buffer and incubated at 21 o C for 45 min. Then, the plate was washed three times, filled with 100 μl of properly diluted anti-ruminant IgG-HRP conjugate and incubated at 21 o C for 30 min. Finally, after last washing the plate was filled with 100 μl of the 3,3',5,5'-tetramethylbenzidine (TMB) substrate solution and after 15-min. incubation the reaction was ceased with 100 μl of the sulfuric acid-based stop solution. The plate was read at 450 nm wavelength in the BioTek microplate reader. The results were considered valid only if optical density of a positive control serum (OD PC ) was higher than 0.350 and OD PC was more than three times higher than optical density of a negative control serum (OD NC ). Then optical density of a serum sample (OD sample ) was recalculated into percentage of OD PC (S/P % ) adjusted by OD NC with the formula:
Statistical analysis
Distribution of continuous test results in SRLV-infected and uninfected goats was described using median (Me), interquartile range (IQR) and positional coefficient of variability (CV Q ), and displayed on a box-and-whisker plot. Tukey's rule was used to identify outliers (Tukey, 1977) .
Relationship between sensitivity (Se) / specificity (Sp) and cut-off value were presented using receiver operating characteristic (ROC) curve, for which area under curve (AUC) was computed. Confidence interval of 95% (95% CI) was computed for Se and Sp at each value of the cut-off using Wilson's score method (Altman et al. 2000) . The most optimal cut-off value was chosen on the basis of Youlden's index (J) (Thrusfield 2005) . For this cut-off value predictive value for positive (PPV) and negative (NPV) result were presented for the whole range of possible prevalence rates. Moreover, likelihood ratios of the positive (LR+) and negative (LR-) result along with logarithmic method 95% CI were provided (Thrusfield 2005) . Calculations were performed in EpiTools (Sergeant 2014) and WinEpiscope while plots were prepared in Excel (Microsoft Office 2007) and Statistica 10 (StatSoft Inc.).
Results
Median S/P % (IQR) for infected and uninfected goats were 252.1% (263.8%) and 3.2% (4.2%), respectively. In both groups S/P % were equally dispersed (CV Q of 53% and 66%, respectively) (Fig. 1) .
The ELISA proved to have high accuracy. AUC was 98.8% (95% CI: 97.5%, 100%) (Fig. 2) . Diagnostic performance of the test was almost identical (J of 90%, Se >90% and Sp >95%) within a fairly wide range of cut-off values -between 20% and 60% (Table 1 ). Manufacturer's cut-off of 50% ensured both PPV and NPV of at least 80% for the range of prevalence rates between 5% and 75%, whereas both PPV and NPV of at least 90% for the range of prevalence rates between 10% and 60%, with simultaneous PPV and NPV of 95% for prevalence of 25-30% (Fig. 3) . For manufacturer's cut-off value LR+ was 87 (95% CI: 22, 346) and LR-was 0.08 (95% CI: 0.04, 0.16).
Discussion
Reliability of any study regarding test accuracy depends mostly on correct determination of true health status of studied animals. This, in turn, depends on quality of gold standard used. Procedures applied so far in investigations regarding accuracy of ELISAs for SRLV infection have mostly consisted in comparison with another imperfect test such as agar gel immunodiffusion (Castro et al. 1999 ), radioimmunoprecipitation (Vander Schalie et al. 1994 , Herrmann et al. 2003 , western blotting (Clavijo and Thorsen 1995) or another ELISA (Simard et al. 2001) . Rarely, has it been based on comparison with combination of two or three of the aforementioned tests (Hecker et al. 1992 , Rimstad et al. 1994 , Kwang et al. 1995 . Given that no test can be considered 100% sensitive and specific more complex procedure was employed in our study to declare a goat healthy or diseased. To meet eligibility criteria a goat not only had to react identically in two consecutive serological surveys carried out with one of two widely recognized ELISAs but it also had to come from a herd of a certain well-evidenced serological status. Such a protocol raised probability of a right classification of study goats to nearly 100%.
Both Se and Sp of the test are comparable with other ELISAs for SRLV infection. The test proves to be a useful diagnostic tool ensuring high validity of both positive and negative results. Its result strongly affects the probability of the disease in a goat -positive result increases the pre-test probability roughly 90-fold while negative result decreases it more than 10-fold. Moreover, changing the cut-off within the range between 10% and 80% ensures Se of 98% or Sp of over 99% depending on current user's needs.
Main limitation to the study is the fact that SRLV genotype responsible for infection in study goats was not determined. Given that accuracy of ELISAs can be affected by genotype of the infecting virus (Carroza et al. 2009 , de Andrés et al. 2013 , it is possible that diagnostic performance may differ between goat populations. However, Polish goats seem to be infected mainly with genotypes A and B (Olech et al. unpublished data) , which also predominate in other European countries (Kuhar et al. 2013 , Rachid et al. 2013 ). This fact allows for cautious generalization of obtained results to other European goat populations.
Even though the number of samples from known-infected and known-uninfected animals was much lower than required by OIE standards (300 and 1000 animals, respectively) (Jacobson 1996) it is comparable with vast majority of other studies (de Andrés et al. 2005) , of which none have met OIE criterion. Furthermore, a number of enrolled animals allowed for fairly precise estimation of parameters as indicated by quite narrow 95% confidence intervals.
In conclusion, the results of this study imply that ID Screen ® MVV-CAEV Indirect Screening ELISA is a highly accurate diagnostic test for SRLV infection in goats.
